Objective: Physical activity is negatively associated with depressive symptoms. However, few studies consider dynamic associations of changes in physical activity and reciprocal relationships. This study aimed to perform comprehensive evaluations of relationships between physical activity and depression scores in women followed from mid-to late-life.
Introduction
A growing evidence base suggests that physical activity is important for mental health (1, 2) .
Numerous studies show associations between physical activity and features of depression in both women and men, and across culturals and age groups (1, 3, 4) . Cross-sectional studies show inverse associations between physical activity and depression score (5, 6) . Physical activity is reported to have protective (5, (7) (8) (9) (10) and even therapeutic (2, 10-12) effects on depression status. However, this relationship is not supported by all studies (6, 13) , thus a causal relationship between physical activity and depression remains unclear (5, (14) (15) (16) (17) . Most studies examine how a baseline level of physical activity predicts subsequent depression (6) (7) (8) 18) , and few have targeted reciprocal effects across time (5, 15, 17) . Furthermore, few studies investigate dynamic associations of changing physical activity levels and depression scores over time (5, 17, (19) (20) . As a result, within-person fluctuation of physical activity or depression scores is not considered. The need for more thorough models investigating the relationship between physical activity and depression has recently been emphasized (21) .
Aims of the study
The aim of our study was to investigate associations between leisure time physical activity and depression scores in a prospective population-based study of women followed for 32 years. First, cross-sectional baseline associations of physical activity and depression scores were evaluated.
Second, baseline level of physical activity was associated with the subsequent trajectory of depression scores over time. Third, within-person change from baseline level of physical activity was associated with deviations from the individual's predicted trajectory of depression scores. Finally, the reciprocal relationship between physical activity and depression scores was evaluated over time.
Methods

Study population
These analyses originate from the Prospective Population Study of Women (PPSW) in Gothenburg which began in 1968 with a representative sample of 1462 women (participation rate 90%) living in POST PRINT 5 Gothenburg and born in 1908 Gothenburg and born in , 1914 Gothenburg and born in , 1918 Gothenburg and born in , 1922 Gothenburg and born in , and 1930 . The sample was obtained from the Revenue Office Register and women born on specific dates were invited to take part in the study.
PPSW is a multi-disciplinary longitudinal study with seven follow-up examinations over 44 years. A representative subsample of 899 women was invited to take part in a psychiatric examination at baseline in 1968, and 800 participated (89%). The psychiatric examinations in 1974 (N=676, 84.5 % response rate) provided baseline data for the current study, and follow-ups were conducted in 1992 (N=590), 2000 (N=651), and 2005 (N=527). The study was approved by the Ethics Committee for Medical Research of the University of Gothenburg and has been performed according to the ethical standards outlined in the Helsinki declaration. All participants or close relatives gave informed consent before taking part of the study.
Measurement of depression score
Psychiatric examinations were semi-structured and performed by psychiatrists (1974, 1992) or psychiatric nurses (2000, 2005) . The Montgomery-Åsberg Depression Rating Scale (MADRS) (23) was used to rate symptoms and signs of depression during the preceding month. The early version employed at baseline in 1974 lacked one of the 10 original MADRS items (reduced appetite). The MADRS score used in this study is therefore referred to as modified MADRS score, and included reported and observed depressed mood, inner tension, reduced sleep, concentration difficulties, lassitude, inability to feel, pessimistic thoughts, and suicidal thoughts. Each symptom is rated from 0 (no symptoms) to 6 (severe symptoms), yielding a maximum score of 54.
Physical activity
At each examination, participants were asked about level of physical activity in their leisure time based on the Saltin-Grimby Physical Activity Level Scale (24) . This scale is a combined frequency-intensity measure including the following options: (1) "Almost totally inactive" (e.g. reading, watching TV, going to the movies), (2) "Some physical activity at a minimum of 4 hours/week" (e.g. bicycling, walking to/from workplace or during leisure time, walking with family), (3) "Regular physical activity" (e.g. gardening, golfing, running, keep-fit exercise, tennis, dancing), and (4) "Regular intense POST PRINT 6 physical activity and contests" (e.g. running several times/week, swimming several times/week, competitive sports.
Diagnoses of dementia
In 1974, clinical dementia diagnoses were made by the examining psychiatrist. From the 1992 examination a diagnosis of dementia was made based on the psychiatric examination and a close informant interview using a symptom algorithm according to Diagnostic and Statistical Manual of Mental Disorders, third version revised (DSM-III-R) criteria (25) . For individuals lost to follow-up, the diagnosis of dementia was made by geriatric research psychiatrists in consensus conferences after examination of data from medical records and the Swedish Hospital Discharge Register (26) . In this study women with dementia were excluded in subanalyses.
Covariates
Potential covariates included age, marital status (married or cohabiting versus not married or cohabiting), education (defined as compulsory education, i.e. 6 years in those born 1914-22 and 7 years in those born 1940, versus at least one year of post-compulsory education), social group (socioeconomic status based on the husband's occupation for married women and own occupation for unmarried women, and defined as high, medium or low), smoking status last year (never/former smoker versus current smoker), alcohol habits (drinking wine and hard liquor: never/seldom versus quite often-very often), menopausal status (pre versus post), mean body mass index (weight in kilogram divided by length in meter squared), hypertension (defined as self-reported history of being diagnosed by doctor), cardiovascular disease (self-reported ), stroke (self-reported), cancer (selfreported), diabetes (self-reported treated diabetes mellitus), aching joints (yes/no), and activities of daily living (ADL; no impairment versus needing help with bathing, feeding, dressing, transfer or toileting), and were chosen based on previous literature. Potential confounders were evaluated using linear regression models. Only variables showing association (p<0.1) with both physical inactivity and depressive symptoms were included in the final models (i.e. age, marital status, education, and smoking status).
POST PRINT 7 Statistical analyses
Latent growth curve models (LGCM) were used in this study (27) .
LGCM have several advantages compared to more traditional methods of analysing longitudinal data, such as general linear models (GLM) (28, 29) . First, LGCM target true changes by correcting for measurement error by including residual values. Second, LGCM consider both between-person and within-person variability. In addition, latent growth curve models take different time intervals into consideration given the way they are set up. In other words, time intervals themselves are modelled. In this study, LGCM was used to model average baseline value (intercept mean) and change (slope mean) in depression scores across four measurement time-points over 32 years, as well as differences between persons in intercept variance and change (slope variance). Baseline measures of age, education, physical activity, smoking status, and marital status were used as time-invariant covariates in models of baseline depression score and change in depression scores over time. Age and level of physical activity were mean-centred to the baseline mean to improve interpretation. Moreover, change from baseline in mean-centred physical activity was used as a time-varying covariate to model how within-person change in physical activity was related to within-person change in depression scores.
Finally, cross-lagged models were used to study the reciprocal relationship between physical activity and depression scores. The strategy used was to compare the fit of four different models: (a) a baseline model, including only prediction between levels of depression and physical activity at subsequent occasions (e.g., prediction from depression 1974 to 1992, from 1992 to 2000 and similarly for physical activity), (b) a "physical activity-to-depression-model", including prediction between levels of depression at subsequent occasions and prediction from physical activity to subsequent depression scores; (c) a "depression-to-physical activity-model", including prediction between levels of physical activity at subsequent occasions (e.g., from physical activity 1974 to 1992, from 1992 to 2000 and so on), and prediction from depression scores to subsequent physical activity, and (d) a reciprocal model, including both prediction from depression to physical activity and vice versa. RMSEA, values less than .05 indicate a good fit, whereas values up to .08 represent a reasonable fit (32) . When considering confounders, only variables related to both physical activity and depression score at a level of p<0.05 were included in the conditional model. Table 1 df, p<.01), but not compared to the depression-to-physical activity model (Δ χ2=1.88/ 3 df, p>.05).
Results
Discussion
Our study is the first to examine dynamic associations of within-person change between physical activity and depression scores in a non-clinical sample of women assessed at repeated occasions over three decades using latent growth curve modelling and cross-lagged analyses. Furthermore, on a within-person level, women who reported a decreasing physical activity over time also reported higher depression scores over time. Finally, cross-lagged analyses indicated that higher depression scores predicted less subsequent physical activity but not vice versa.
We observed that women reporting a lower level of physical activity in 1974 had higher concurrent depression scores, a finding in line with previous cross-sectional studies (5, 6) . Previous studies have investigated associations of change between latent variables of physical activity and depression scores (5, 17, (19) (20) , and our result support the findings from these studies. However, these studies used data from only two time points (5), did not consider within-person change (17, 19) or had shorter followups (between 2 and 11 years) (17, (19) (20) .
Several studies have investigated directionalty of the relationship between physical activity and symptom burden of depression. Most of these studies focused specifically on older adults (5, (15) (16) (17) while few also included middle-aged persons (14) . Results from these studies are mixed. Our finding that higher depression scores predicted lower levels of physical activity but not vice versa is supported by one previous study that used walking as a measurement of physical activity (15) , and studies focusing on consequences of depression that report physical inactivity as an outcome of depression (33) . In contrast, other studies reported that lower physical activity predicted higher depression scores, but depression scores did not predict physical activity in older adults (14, 17) . However, this was not observed in middle-aged adults (14) , indicating a potential influence of age on the relationship between physical activity and depression and highlighting the importance of examining this association by age group in future studies. Finally, three recent studies gave support for a reciprocal relationship between physical activity and depression scores (5, 16, 18) , and two of these (5, 16) used similar analytical approaches as this study. Differences between studies in sample sizes, length of follow-up, baseline ages, measurement methods, and other aspects may partly explain the inconsistent findings. Further studies investigating the reciprocal relationship between physical activity and depression scores are needed.
Mean levels of depression scores were in the expected range for the healthy population (34) . No relationship was found between physical activity at baseline and subsequent change in mean depression scores, a finding that is supported by one other study (6) . Most previous studies reporting that physical activity has a protective effect against depression or depression scores evaluated level of depression at follow-up rather than change in depression score (5, 7, 8) .
There are a number of both biological and psychosocial hypotheses to explain the relationship between depression and physical activity. Current biological hypotheses focus on altered brain plasticity, neuroimmune effects, increased monoaminergic neurotransmission, and effects on the hypothalamic-pituitary-adrenocortical axis (35) . Psychosocial hypotheses include socialization, social reinforcement, behavioural activation, self-evaluations, sense of mastery, and distraction from negative thoughts and emotion (35) (36) . Conditions for a physically active life are also dependent of several factors. For example, home and workplace built environments impact on cardiorespiratory fitness (37) .
Reduced physical activity should be emphasized as a long term consequence of depressive symptoms
and not merely as a temporary characteristic of the syndrome. This is important for several reasons.
Depression scores predict subsequent physical inactivity. By focusing on this issue when managing depression, the risk for long term inactivity may be decreased. Further, inactivity associated with depression scores places this already vulnerable group at increased risk for negative consequences associated with low physical activity. For example, low physical activity is reported to mediate the relationship between depressive symptoms and disability in older adults (38) , and may also be a reason why depressed elderly have an increased risk for stroke and cardiovascular disorders as well as an increased overall mortality (39) . Furthermore, it is important to identify depressive symptoms in later life to prevent other severe consequences of sedentary behaviour. Finally, reduced physical activity is associated with an increase in burden of depressive symptoms. Evidence is mounting for the beneficial effects of physical activity for physical, mental, and social health in older adults. Health care professionals should work to promote physical activity in this group (40) . In light of our findings, it is important to address individual changes and not merely current levels of physical activity. In the present study analyses were not stratified by age due to lack of power. Further it was not possible to stratify for sex as all participants were women. However, future studies of change should address age and sex, and examine the potential moderating effects of age and sex in the longitudinal relationships between physical activity and depression. Studies employing more modern and structured measurements of physical activity are needed.
Strengths and limitations
Strengths of these analyses include that the PPSW is a representative, systematically selected and wellcharacterized population sample of women followed for over three decades. Second, psychiatric examinations were performed by psychiatrists or psychiatric nurses. Third, statistical analyses considered both between-and within-person changes in physical activity and depression scores across time. In addition, analyses of the reciprocal relationship between physical activity and depression scores were included. These types of models are rarely used in this field.
Possible limitations also need to be considered. The sample size is relatively small, and all members of the sample are female, White, and living in Sweden, thereby limiting sex, ethnic, and cultural generalizability. Due to lack of information in the baseline examination, only nine out of ten MADRS items were considered, making it difficult to compare mean MADRS scores with previous studies. The MADRS was initially designed to measure change of severity in depressive symptoms in clinical settings. However, this scale has been considered an acceptable screening tool for depression in the healthy population (34) . Although the inclusion of MADRS as a continuous scale in a populationbased study may be discussed, the use of a continuous scale affords a stronger platform for examining more complex associations of dynamic change in depression and other variables (such as physical activity using time-varying covariate models as in the present study). Using categorically defined depression based on a particular MADRS cutoff would provide a considerable less optimal solution when looking at dynamic associations of change and reciprocal relationships across time.
The physical activity variable used in this study involves only frequency and intensity; other important components such as duration or type are lacking. Furthermore, there is potential overlap between categories 2 and 3. Together these weaknesses resulted in a less than optimal measure of total quantity of physical activity in the present study. In addition, participants are not equally distributed among the four activity groups and the number of participants in some groups is small. The limited variance associated with the physical activity item might be viewed as a potential weakness, in particular linked to using measure in change analyses that are sensitive to change. Also, the physical activity measure pertains to the entire past year, while depressive symptomatology was rated during the past month only. However, our result did demonstrate that detecting change in physical activity using this simple item was possible and the activity change demonstrated meaningful associations with POST PRINT 13 change in depressive symptoms. This scale was included in the study over 45 years ago and has been retained in its original version for comparison over time. While this is a strength for making comparisons over time, it is also a limitation as new types of exercise and new methods for assessing physical activity have appeared during the long period of follow-up. Nevertheless, the scale has shown predictive validity in relation to cardiovascular risk factors (41) , and it is straightforward and easy for the participants to comprehend compared to some of the new instruments used in the field today.
MADRS scores were not available prior to 1974 and we were unable to study effects of depressive symptomatology earlier in life. Although numerous confounders were considered the potential for residual confounding is obvious. Finally, attrition due to loss of follow-up or death is an issue that must be considered in follow-up studies. Participants might be more physically active and less depressed than non-participants, and mortality is associated with both physical activity and depression.
Data from the 2000 examination of the study performed at the clinic show that compared to participants, surviving non-participants had higher BMI, Waist-to-hip ratio, and blood pressure, lower education and were more likely to be smokers at the baseline examination in 1968, but inclusion of home visits attenuated these differences (42). 
